Background: Our study examined the social disparities that exist in the implementation of protection measures for occupational exposure to carcinogenic, mutagenic and reprotoxic agents in France, and its aim was to identify which types of employees/jobs require priority action. Methods: We analyzed data from the 2010 French national cross-sectional survey of occupational hazards. The availability of the various collective and individual protections was explored. The associations of job and company characteristics with protective measures were studied by multilevel regressions. Results: Effective collective protection measures were implemented in 25% of the exposure situations. Managers and intellectual professionals, who accumulated lower CMR exposure prevalences, durations, and intensities than blue-collar workers, benefited the most from effective collective protections. The availability of effective collective protection measures was not influenced by the size of the company. The presence of a Committee for health, safety, and work conditions, as well as intervention of occupational health and safety officers in the past 12 months were associated with a lower exposure intensity, but not with the implementation of more protection measures. Longer exposure durations were associated with more effective collective protection. Conclusion: Substantial discrepancies were observed in exposure levels and protection measures as a function of the characteristics of employees' jobs and the companies that they work for. The main priority in regard to prevention should be a focus on unskilled workers, since their collective protection still appears to be insufficient, while their exposure lengths and intensities were the most substantial.
Introduction
H ealth inequalities are particularly pronounced in regard to cancer. These inequalities occur across the life course upstream from diagnosis of the disease as a result of differential exposure from childhood, as well as other risk factors such as lifestyle, occupation and access to protective resources.
1,2 About 4-10% of all cancers in high-income countries are linked to occupational exposures to harmful substances. [3] [4] [5] In France, it is estimated that 15 000-20 000 new cancer cases each year have an occupational origin. [6] [7] [8] There is, however, increasing evidence in the scientific literature that long-term trends in occupational exposures point towards lower exposures. [9] [10] [11] [12] The decline in the prevalence and the level of occupational exposures can be explained by technological improvements 13 and by preventive and legislative measures. The European Union Carcinogens Directive (2004/37/EC) stipulates that member countries must implement prevention strategies based on reduction or substitution of possible CMR agents whenever this is technically feasible. For example, the French Labor Code (FLC) stipulates that, by default, collective protections (e.g. isolation chambers, physical enclosures) should be to be implemented preferentially over personal protective equipment (PPE): collective protection is the most effective way for employees to avoid all contact with CMR agents by cutaneous or by respiratory routes.
14 When all other measures to eliminate or reduce the risks have proven to be impossible to implement, wearing of PPE (e.g. gloves, gowns, overalls, boots and face shields) is recommended. PPE often does not provide sufficient protection on its own. In particular, use of such items is not systematic, as they tend to be cumbersome: there is often considerable resistance from workers to using them for prolonged periods. 15 Moreover, PPE items require frequent replacement that is not always adequately achieved. 16 The effectiveness of PPE and general ventilation, which dilutes pollutants by supplying the working area with fresh air, is consequently limited in terms of protection from CMR exposures, and they should hence be seen as being complementary to other collective protective measures.
This paper examines the disparities that exist in the implementation of protective measures for occupational exposure to CMR agents in France. Substantial inequalities in the duration and the intensity of CMR exposure have been pointed out previously by Havet et al. 17 For example, they showed that night-shift workers accumulated a greater CMR exposure prevalence, duration and intensity, as did blue-collar workers compared with intellectual professionals. Conversely, managers and employees of large companies were less exposed, and when they were exposed this occurred in a more controlled manner. Moreover, the presence of a Committee for Health, Safety and Working Conditions (CHSCT) and intervention of occupational health and safety (OHS) officers in the company in the past 12 months were significantly associated with reduced exposure intensities. 17 In the present paper, using the same 2010
French national cross-sectional survey data of occupational hazards, we examined whether the same inequalities existed for exposure control strategies or whether the longest and the most intense exposure situations benefited from more effective protective measures. Moreover, we sought to determine whether companies use collective and individual protection measures simultaneously or as substitutes for each other.
Methods

Data source
The SUMER survey is a national cross-sectional survey 16, [18] [19] [20] periodically conducted by the French Ministry of Labor and the French Directorate for Research, Studies and Statistics to assess occupational risks among a representative sample of the French employee population (excluding employees in the public education sector and some government ministries).
The 2010 SUMER survey was based on a two-level sampling involving 2400 volunteer physicians, amounting to 20% of all of the practicing occupational physicians in France, who over a 3-month period randomly selected 53 940 employees who had undergone their periodical medical check-ups. Full-time occupational physicians were asked to undertake 30 interviews, and the number of interviews was calculated pro rata for physicians working part-time, with a minimum of 20 questionnaires. A total of 47 983 workers consented to participate (response rate: 89%). On average, 22 completed questionnaires were collected per physician partaking in the survey.
They assessed the exposure of the employees to 89 different chemical, physical and biological agents during a period of 1 week. The occupational physicians relied on the statements made by the employees, and they drew on their expertise, based on their knowledge about the field and the job process of the company or the position. The exposure data that were collected allowed for the selection of 28 CMR agents classified as being carcinogenic or probably carcinogenic or mutagenic to humans by the IARC (Groups 1 and 2a, respectively) or classified as known, presumed, or suspected to have CMR potential for humans by the European Union regulations (Categories 1 and 2 of this classification). 9, 16, 19 A total of 5491 workers (11%) were exposed to one or more CMR agents at their workplace, corresponding to 8266 identified exposure situations.
For each of these situations, the physician made an assessment of the exposure duration and the intensity, as well as the availability of different protective measures: (i) 'collective protection, aside from general ventilation' (i.e. local exhaust ventilation, isolation chamber or other collective protection); (ii) 'general ventilation'; (iii) PPE (respiratory, cutaneous or eye protection equipment). Local exhaust ventilation consists of channeling the flow of pollutants into a ventilation or exhaust system, thereby avoiding their release into the atmosphere of the workplace. Isolation chambers allow for maximum containment of the products or processes, thereby avoiding any contact between the users and the products involved. Work in an isolation chamber requires that all of the steps of the procedure (e.g. transfer, transport of the products, cleaning and maintenance) abide with this complete confinement. Of the various collective protective measures, working in an isolation chamber is considered to be the most efficient. Local exhaust ventilation systems must be situated as close as possible to the site of emission in order to maximize their efficiency. In contrast, general ventilation offers limited protection against CMR entities since it does not prevent direct inhalation of CMR agents by employees. 21 
Statistical methods
Descriptive statistics were used to present the sample of exposure situations to CMR agents and to examine the associated implementation of individual and collective protections. Moreover, implementation of protections was studied using logistic regressions with random effects, [22] [23] [24] successively considering five dependent variables: collective protection, aside from general ventilation; general ventilation; respiratory protection; cutaneous protection; and eye protection. Heterogeneity in implemented protections for the 28 identified CMR agents was taken into account by a random intercept.
In order to test whether protections were more substantial for longer exposures, we introduced the exposure duration to the CMR agent (<2, 2-10, 10-20, !20 h within 1 week) in the regression models. To determine whether companies used collective and individual protections as complementary or substitutable measures, dichotomous variables identifying the presence of collective protection (i.e. general ventilation or other collective protection) were introduced in the three PPE models (table 1) . The other covariates in our models were identical to the ordered logistic regressions with random effects used by Havet et al. 17 to model exposure duration and intensity; thus, we could verify whether the discrepancies in exposure levels associated with the characteristics of job and company also existed in terms of the protection measures. The introduced covariates were:
Job characteristics ( To analyze the discrepancies, all other things being equal, we added covariates for employee characteristics (gender, age and seniority) and three product characteristics: (i) whether the CMR agent is classified as Category 1 or 2 by the European Union, (ii) whether a Binding Occupational Exposure Limit Value (BOELV) was in place for the CMR agent before 2010, and (iii) whether the CMR agent was substitutable, based on their principal use. 17 Finally, since some exposure situations concerned identical workers with several exposures to CMR agents, we used robust standard errors recommended for cluster sampling data. 26 All of the analyses were performed using STATA V.13.1 software (StataCorp, College Station, TX, USA).
Results
Descriptive statistics
Collective protection was lacking in 30% of the 8266 identified CMR exposure situations. General ventilation was present in 22% of cases, followed by local exhaust ventilation (15%). Although isolation chambers are the most effective way to protect from exposure to CMR agents, companies very rarely used them (only 2%). Concerning PPE, cutaneous protection was present in 47% of exposures, respiratory protection in 27% of cases and eye protection in 27% of cases. Overall, individual protection was lacking in 45% of cases and in 14% of cases no protection-neither collective nor individual-was available to the employees. Conversely, in 16 .5% of cases all three types of individual protection were implemented (table 4) .
Econometric results
The results of our five multilevel regressions on protection measures, as well as those of Havet et al. 17 on exposure duration and intensity are reported in tables 1-3. They revealed substantial discrepancies at different levels.
-At the job characteristics level (table 2):
Managers and intellectual professionals (reference category), who were exposed to CMR agents at their workplace with a shorter duration and lower intensity (except for clerks), benefited the most from effective collective protections. We noted, however, that with equivalent characteristics there was no significant difference in the availability of effective collective protection between the various types of employment contract, aside from apprentices, trainees and agency workers. Yet in this regard, the latter were at an advantage: although the CMR exposures of the apprentices, trainees and agency workers were more intense (P < 0.001), they had a higher probability of having an effective collective protection (P = 0.083) as well as PPE [cutaneous (P = 0.017), respiratory (P = 0.001) or eye protections (P < 0.001)] available to them than was the case for the other types of employment.
Shift work was more frequently associated with a high CMR exposure duration (P < 0.001) and intensity (P = 0.015), but less associated with effective collective protection measures (P = 0.014). Shift workers more readily had cutaneous protections (P = 0.032) and a general ventilation system (P < 0.001) available to them, which is of limited effectiveness in regard to the risks associated with CMR products. Similarly, for night workers the availability of PPE (P < 0.005) and a general ventilation system (P = 0.015) was much higher, which did not prevent them from a higher exposure intensity than workers with regular hours (P = 0.010).
Full-time workers had a higher exposure duration (P = 0.001) and intensity (P = 0.042) compared with part-time workers. They benefited more from eye and respiratory protections (P = 0.061 and 0.015), but not from other types of protection.
-At the company level (table 3) :
No statistical differences in terms of exposure duration and intensity existed between microenterprises and companies with 200-499 or !500 employees. Workers in companies with 10-49 and 50-199 employees had the longest exposure duration (P < 0.001 and P = 0.012, respectively) and the highest intensity (P < 0.001 and P = 0.006, respectively). The implementation of effective collective protection measures was not influenced by the size of the company. Companies with 500 employees or more only made eye and cutaneous protections more available than other companies. Less individual and collective protection was also available to those employed by companies as subcontractors.
The presence of a CHSCT was associated with a lower exposure intensity (P = 0.001), but not with a lower exposure duration (P = 0.417) or more protection measures (except cutaneous protections). Similarly, intervention by OHS officers in the past 12 months was associated with a lower exposure intensity (P = 0.041), but not with more implemented protection measures.
-At the product level (table 3): The intra-class correlation coefficients varied from 0.012 to 0.173 in the regressions on protection measures: unobserved product characteristics accounted for 1.2-17.3% of the probability to implement protections. Product characteristics had a much greater impact on the availability of respiratory and cutaneous protections than collective measures.
Our multivariate regressions also allowed for an examination of the links between exposure duration and protection measures and between the different types of protections (table 1). The duration had a significant positive impact on the implementation of effective collective protection (P = 0.005, P < 0.001, and P = 0.001). However, the exposure duration did not influence the availability of a general ventilation system or PPE. Finally, the two binary variables describing the existence of effective collective protection and of a general ventilation system were positively associated with a higher PPE availability (P < 0.005).
Discussion
Increased collective protections for the longest exposure situations
The influence of exposure duration was significant and cumulative on the implementation of effective collective protections (e.g. local exhaust ventilation, isolation chamber, mechanization of specific procedures). Exposure duration, on the other hand, had no impact on the implementation of general ventilation and PPE. a: Odds ratio adjusted on the employee characteristics (gender, age, and seniority) and on products characteristics (product classified as CMR according to the European Union legislation, Substitutability of agent, Product with restrictive statutory limit values). Ã : P < 0.01 indicating the statistical significance of the association. ÃÃÃ : P < 0.001 indicating the statistical significance of the association. Note: Among the 8266 identified exposure situations, those corresponding to 'availability of collective protection not specified' (1898) were discarded from regression analyses, given its implicit uninformative nature. Moreover, exposure situations for which some covariates were missing (415) were also discarded. Thus, the multivariate analyses were based on 5953 situations of exposure to CMR. a: Respondent's occupation, regrouped into six categories using the French classification of occupations and socio-professional categories (PCS); close to the International Standard Classification of Occupations (ISCO). b: Workers with a specific status are employees working in government-owned or controlled corporations and who enjoy a special status, e.g. SNCF (national railways), the RATP (Parisian transport), the electricity and gas companies (EDF and GDF) etc.
c: Odds ratio adjusted on the employee characteristics (gender, age and seniority) and on products characteristics (Product classified as CMR according to the European Union legislation, Substitutability of agent, Product with restrictive statutory limit values).
d: Exposure duration to CMR agent: <2, 2-10, 10-20, !20 h within 1 week.
e: The exposure intensity: 'very low', i.e. slightly higher than the general population or at the limit of detection; 'low', i.e. <50% of the short-term exposure limit (STEL) value; 'high', i.e. around 50% of the STEL; 'very high', exceeding the STEL or equal to the exposure level of the population known to be the most exposed.
Ã
: P < 0.1 indicating the statistical significance of the association.
ÃÃ
: P < 0.05 indicating the statistical significance of the association.
ÃÃÃ
: P < 0.01 indicating the statistical significance of the association. c: The exposure intensity: 'very low', i.e. slightly higher than the general population or at the limit of detection; 'low', i.e. <50% of the short-term exposure limit (STEL) value; 'high', i.e. around 50% of the STEL; 'very high', exceeding the STEL or equal to the exposure level of the population known to be the most exposed.
This is probably due to the fact that general ventilation and PPE are not specifically implemented to address exposure conditions while, in contrast, effective collective protective measures appear to take into account the duration of the exposure. By implementing collective protection measures for the longer-lasting exposure situations, companies hence comply with the intentions of the European Union Carcinogens Directive and the FLC that stipulate that exposures must be reduced to the lowest possible levels: the best collective protection can compensate for longer exposures.
Complementarity between collective and personal protective measures
All other things being equal, individual protections against CMR agents are generally used by companies as complementary to collective protection measures and not as substitutes. Exposure situations for which employees benefit more from effective collective protections and general ventilation are also those for which companies make individual protection the most widely available, whether as eye, cutaneous or respiratory protection. Therefore, prevention policies should focus on situations where there are no protective measures-which amounted to 14% of the exposure situations in 2010-because once there is awareness of the risks involved, they impact simultaneously on collective and individual protections.
Disparities in the implementation of protective measures
A finding of particular interest is that very precarious employments (e.g. apprentices, trainees and agency workers) who were exposed to higher exposure intensities and durations 17 had a greater probability of benefitting from collective protection (aside from general ventilation) and PPE than other types of employment. Unfortunately, these are not systematically the populations that are the most exposed to CMR products and that could hence benefit the most from collective protection aimed at reducing the incurred risk. Indeed, our results suggest that a main priority in regard to prevention should be a focus on unskilled workers, since their collective protection still appears to be insufficient and their exposure durations and intensities were the most substantial. Similarly, prevention efforts should also consider focusing on workers with atypical schedules, whose main collective protective measure, namely general ventilation, appears to lack efficiency. Companies appear to compensate for the limited introduction of effective collective protections for shift workers and night workers by making more individual protections available, which are nevertheless less suitable to reducing the risks involved. As a consequence, for these workers, reduction of the risks incurred should not CHSCT, committee for health, safety and working conditions; OHS, occupational health and safety. a: Respondent's occupation, regrouped into six categories using the French classification of occupations and socio-professional categories (PCS); close to the International Standard Classification of Occupations (ISCO). b: Workers with a specific status are employees working in government-owned or controlled corporations and who enjoy a special status [e.g. SNCF (national railways), the RATP (Parisian transport), the electricity and gas companies (EDF and GDF) etc.]
necessarily involve an increase in the resources allocated to protection. Rather, it should focus on reallocation to the most effective collective protective measures, namely isolation chambers and local exhaust ventilation. Furthermore, less collective protection was available to subcontractors. Indeed, the process of externalization by subcontracting shifts the exposure to third parties who may not necessarily be able to implement effective collective protection measures. This favours employees of companies engaged in subcontracting over temporary workers or apprentices who are compromised the most. Training and providing information to employees in regard to the prevention of CMR risks is one of the obligations that employers have. This needs to apply to all employees, however, including those who have been newly hired, temporary workers (e.g. those on fixedterm contracts and casuals) and subcontractors.
Lastly, we found that the lower intensities of exposure to CMR agents in large companies and in enterprises that have CHSCT are attributable to their greater availability of PPE and not to a more substantial implementation of collective protection measures. Thanks to the targeted prioritization of small-and medium-sized companies in recent years, the situation appears to have improved relative to what was noted by Musu, 27 according to whom the application of preventive measures was particularly difficult in small-and medium-sized companies. The lower exposure intensity in companies having a CHSCT could be attributed to their role in applying the regulations (e.g. compliance with short-term exposure limits), providing notification in regard to potential dangers, and reinforcing the level of vigilance in regard to the wearing of PPE, as opposed to having a defining role in the implementation of collective protection measures. Our findings are consistent with data in the literature from different countries and contexts, showing that exposures to physical and chemical hazards are higher in small companies. [28] [29] [30] Hutchings et al. 29 estimated that 67% of workers in the UK were exposed to levels above the workplace exposure limit of 0.1 mg/m 3 in 2001-2010, corresponding to a compliance rate of 33%. This is underscored by evidence that levels of respirable crystalline silica in the UK construction industry greatly exceed the current workplace exposure limit. 30 The authors suggested that improvement in compliance in small companies with current exposure standards in small industries might be more effective at reducing lung cancer than reducing the current standard. 30 Either way, social inequalities in the implementation of protective measures against CMR exposure persist to date. The most encouraging result from this study is that companies appear to implement more effective protection measures for workplace situations with the longest exposure, which is essential aspect for reducing the risks for occupational cancers. However, the workers most exposed to CMR chemicals are not necessarily those that are the most effectively protected. Consequently, there is still ample scope to minimize occupational disease risks, such as better targeted control strategies. 
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Occupational exposure to CMR products is responsible for 4-10% of all cancer cases. We explored the social disparities that exist in the implementation of protection measures to occupational exposures to carcinogenic, mutagenic and reprotoxic agents in France.
Effective collective protection measures were implemented in 25% of exposure situations. Substantial discrepancies were observed in exposure levels and protection measures as a function of the characteristics of the job and the company where the employees work. The main priority in regard to prevention should be a focus on unskilled workers, since their collective protection still appears to be insufficient, while their exposure lengths and intensities are the most substantial.
